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ateoi ^ott: Jim as n mot°t mEUJim 

HloH IfSfSfe H»A|2| SB Oil 5 9 Oil Hl»^»« 3S £!xl°[ ^§^0|2J ^ — fi ffl«/H 2X^ 

S£i^S OISWOI g^l^e £1£ 5^ £i ^40H« flflSSBfi OlgS^OI SIM 1 

»»a a as mz\% msm ?es ^ a»*E3ii ssssoii as aoia. 

^a ttirs ch^ch 21521 ese §§i me oisioiie ^xhoii^ 

e!^* afc!»oi Qgfe ^«» ^ as eesi as x\&zm 3ts= as» ^32j a a! 

*j» *HS*2| H2£jOI CH^2J&3, 01 Oil CH& S^HBJOI *tt8l &b */JI0IO. ia, s 

ssfifa swaiei oiseots/H soh»2I aai tttoi2 saswolu b r oi2 ssaa sob s^s 

ijXH 3l^oHAH ?Htt£IOia ^/dlOID. 

£*£| i^'Si ?S8PI flCH/rf ^y^o^ Afg£13 £l*r ij3£f 2r^£ OI^CHXIfe DBS 

*oia- bis^ Dii^fSaioiEi^ Ansa, ^ou g^^b oiiyxife &?\°\ diihbbioieioii/h ^ x-ii ^ 
g^is^s ^satoi on^f»aioiEi2i 3 i^iai ^saisi^ mn\j\ iswck 01 >im 

™ #011 01 EH Actuator )£r 3 BO. £521 i8 H»2!H£ «S| S^ISJS S!S2f ^21 »^S0I gft 

^ sis* in, 4f^ia aaa bus asa^oi m^iss xixi se^ siafb hhsi- 6pisi 

^aOil XilOi^l^l XII 01 CHI IfEUH g^lS ™#0!10|EHm ?«aa. 

A^joj oHEE01IO|Eii= g^lo. 0 j ^soj w> ?a»te g3£[ B^OII aSS CM SS»te 

asm sae s^iss ^espi ^ishah^ #3isi i§ gsioife ^hoiioie^ 01011 sswai 
^a^si gpa ±ssafe 201 «s»o. 

4^13 »S ^^2J ^iWOilOIEHS ^goPI 3 gOII/H Ah»2l 3^j» ^M§[ 14^1 6^0j 3 5^ 

8 »3lte 5^ 2i§ ^gStfe ^§Si^ Srfe 5101 OI&^OID. 6!2 5^ 

Sfi OISB §§2i8 &JIS D»S£ &H2J £^011 AhgEICH fi 4^ 2iCH AH , ^^51 S 

sxrooi Jt&mm ?-ii#ai^^^ o^Eiasi ^^oiioieh^ a^sch m ^ an, s^e 4g§^ 

^aiOIH ^^£J ^i^OilOIEIM AfrgSCH 1 4- 2iCf. EEB, 21^ S^S OlSff £§218 §0H» 

S| CHXHI dmiS S**0|U UfOI2 ^^Cldl §2J §§2i§ At§£IOII] ^ SiOIAH ^Xl S 

»eOIA| 3 eS^OI £\m 91X13 HQ. 

4^ia m%2\ mm g^lOI^ SlSi^fe 1950CH0il McKibbenOII SloHAi 4^^ ^^2J gJ^ 

5H»S Sa&l 5*(' Measurement and Modeling of McKibben Pneumatic Artificial Muscles* 

By Ching-Ping Chou, Blake Hannaford; Department of Electrical Engineering FT- 10 University of 
Washington ;Seattle, Washington 98195)01 81D. 

&J\2\ §2H°I 2^21 g§S§8 W^lEH^j ^ LH«0|| g;|^DiLli ^3 ^CHAH 

3§Ai^i3 mm giim ^sai^ah 3 521^01 ua ssoii t&a eis^e m^M3\^ ^ 

iOIEL 



W'&OI Ol^JlXfmtr Jig™ MM 

a^a- §2is§ 4- a3, fi^iiEHa ej^s^oii s^i# mo\^o\ 3 wmhj xii^ a 
soil mm sis^a ^^Ai3i^ 3^xncH0ii gaioia s^chi ^ai^ ai^^^ eioH 
3 ei^E^si §^e^[ ^hch, smai 2§§ musi §§211 ^1 

m*^o" »«Sh3, fiES S^SEHS xHgaffe Sa^^iM Olg&o^Mi ^EIM SOIfeESIOII B^tl 

2iCh^ ^ XII §01 oiQK 

ni- si ah , « »as ^121 ^eh ga^i 2J^ ois& f§2§^ ^xiiss sh^spi ¥imoi 

5i^^AH, e SSS| §h^r£| W^LH^ ^§¥^011 4^92^ 3^01 ^ZJ 2X^01 ^X|£l 

3, ^Ol SXf^i ^§§2 0|2*£j^ EIX^X-ilM #^UIHI ^§¥^011 3§ tfXISKM, S ^ CHI S 

SJ^horS, 3 SXf^OI XtmRO\ W^U^SI El XI Mil 2X^2S S2J2J3, 01 CHI CU^ 

»si ^^a^ ea oH^oiioiEicHi Mi^b s^i o\sm viz 21 m^ium %x\ 
]i§sti oiga^oi §i§ oj^^^ ois^ ax^sE?ii §§211 xiigs^ai 2ia. 

s »S2i se qe &d\2\ oi^e^ ^^s ois& ax^s^i ?§2i aa» 

01 CH^ ^51 ^^^^e ^51^ §§2il XHSofeQl HQ. 

&D\2\ S ^S2J ^I^Ar^o^^ &«2| SSSh W«2f, ^Ol &»S| LH ^ Oil ^§ ^01 ¥^ 

01 2,01 ^X|2|^ SX^jJf, &D\ SX^Ojj 3<y2|^ 3^5f, ^,01 LH¥2| ^§¥^10i! 3§^ 

xi 2io] ^^1 si[^2^^s x^g mxmxw ^bisicn, m\ xtmow si^ 
01 x^2i3, 01 011 cue* mx^x-iioii sei^M ^ea^ 4>oi ^^^f sx^si sei^^^AH ^ 

^ ^§6fb ^p^£i 21^1 ois& eiei e# ^4^^hs ^xi3§^£ S gg§ ^t, v a^ f§2 

se§[, ^oi°j g§2ii Ahg^2i ^eoii mm ^^J\\m ^\m^ ^^^^m &^ai?j g 

§2il HIAIBD. 



ate si m *ts 

01 61- §¥a £SM ^ZEmOj ^ ^SOji ^A|01I2J ^ 3 ^§1 ^A||5| ^SoQXi 

£ 1S B ^ h S^J ^^S 0ISS1- £§2i^ ^AIOIIM ^SSPI ^1^ 20IQ. SX^HI 
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s awi ois& i 1 °iz 5^ ssoo). hi 2 ejs ee(2o), hi 3 a 

5 2#(30) » li\ 4 2J2 2M(40) B£ £ii, #3|2| 4^H2| B£ 2^ e# 

»X|fel(50)3K #3|2| 4}H2j 015 5^ 211 XIXIfcJ(50)S Bl XII S 8KX SIS 3SAI9PI fltt HI 1 

«anaoKeo)a hi 2fl»2a=K7o)ss 

&OI2I B2£ 2^ £§§ £ 2 Oil EAIS »g 5H2 £ 20il £AIS S gfg2| 

m^m°^e\ s^ate 2^01 a»at 28/(300)011 biohah x^m was* as a 01 21 

2X^(600)^, 2X^(600)21 §?BS ^§^012] SEE- H«(100)2K 3 S« (100)21 5 

ST Oil US ^Xiafe El »S( »l (400)21, &D|2| 2X^(600)2! gfBfi ftS(100)» SloiOj 

gr #«(ioo)oii/d s»a( (600)01 oi^axi as* a^ c^hi 21-0101(200)2*. &2121 

2 XW (600)21 g&0|| 2§ ^«f»0| 2X^(600)01 gf #£(100)21 Ul^2£ ako (£1 - fl0 ,^ gggf^i 

as^ »t nga(500)£S ^^3, &2I2I 3^{300)0ii ei^sife s^oii cay »»s ^121 2x1- 

^ (600)011 21oH ±1^^(400)0! i^XjAl #3|2| 2X^(600)2] °*B0| °? *21 #"(100) LH^ ^ v E!£IO) 
S3XUH 2M0I e 201a. 

£ 3~ 2X^§ 0|§§[ 215 2i§ 01 oH o\D\ my\ £A|S ^SH AFAI£0|DK £ 3£ £0| 2 

x^s oise B£ ^^ &mm ^smio at 2x^21 ?xii2«2£ seaiii- 5101 

£ 3011 EAIS b^ »0I, 2Xh*<g 01 B£ 21° 21^2] ffl§^?10|| 3S3S?( 110. 140)3^ 

mm £X\S XHH2I #£(120,130)IH ^§§£2] S0IS 2X^(600)2] ^BOil ^xlS 

a. 

SE&, &2I 2t #£(120,130)2) B¥§ »S!A|«» **40H2| 2f0| 01 (200)£AH ^§ Ol^AH, 
^>Ol ^ ^^(120,130)^ Olif ^ 21 31 BQ. 

SEth, ^>0| ^ ^«(120,130)U0il^ 3X^^(600)2] gBOl 2,^1 l*§¥f ^xl£10i, ^Ol 2 

»^ (600)21 gf&OI 21^1 feOI ^-"(120,130) LHCHI/H §^ HI^E^mOl O. 

E», 2X^(600)0jfe £ 30JJ EAIB bf2f 120, 130)2J 2j^30}| 

SttHS^CIIO. U0)S MS 2S0I, £ 40llA]^ ^01 SI ^^BOll Ai¥El ^l^^BH^ ^l^S 

a. ^>oi ^^BoiiAi ^^oi ay dai a§ ^^2] 2j^ss ^of a*s ^, a 

e s»ajoii ssis^i si^aa. 

SE«h, ^Ol 2X^(600)21 eS> v ¥0||fe ^§^?i01l 3^^SS(510, 520)01 a4-^H 3§Z!(500)S 
2§ ^XlSfO^ 4>^l BLH^a. H§Z.K500)2| 2]^€ie WM21 LH^^Sa 33! Wl^ 

t^SAH , 2X^(600)01 ^§21 #«(110 120) LHS Xl^Xl^ 51 gJXI^CL ^, ^Ol SXf 

^(600)011^ ^«2J 21^3011 ^XIS 3^I2§^S 3§5l 5^01 ^,01 HH^ (500)21 3°J^§S(520) 
S WjkmW SI?*B2£ * P fe^l 3BS ^1 US 2^(500)21 3^'^e#(510)^S BSShOI 

ob ^«2j s^^s^i B#af£^ 

SEff , ^^l ^ ^^21 ^S^^IOIIb HIX^xIPI- 2§ ^ xl S CH . ^Ol 2Xf^j(600)0| Xfsf2l2ie 3^ 2 
XW2| X^Oll 2I6H S2i^g g>0f OieS^I £12, 012^ SSShOI 01^2131 SCf. ^Ol 

HQ. 

01 »a HS2] ^^011 CHB 3 St8* tfHSe CHI ^P- S 5a » £ 5b^ 

2!2E H§2| stSS tfSSPI *J§! SB0ID. 

E 5a0llAi2f ^01, 3^011 2^ \D\ ^Ol 2Xf^g 3 3^23 2>j25 2!6F0j X\§}&Q. ^, 

S^UM2J S^Oil 216^01 2X^21 ^^01 N^OI 21H ¥^0| S=0| 2101 X^g Sf^OilAl ^9. 

£ ^^2131 SQ. 0|2f l>g ^SOil CLfdF #«U0i! US ^XlS EiXf^X-li^^ ^0121 2Xf^2| If » Oil 21 

on mzi^m mm eo. □ S2'^g 5^ mwaiafe »«fi ps»2s 3 x^2i bpi&s oie 

»3I 301, »5I El»ej»l E». If^ h S Q&§2£ 01 S 6^1 so. 

^01 m»a»a^ 2» s£ff. ^^i mx^ai2f esstoi ^1 »«s p. q »»ss oiss^i 

BD. 

^, saoiiAH 2^ ^^21 °r&^£Pt d, oia# oh, 2X^2] ssoii 2^^^ £*£iaoa, ^>^l 

2*51 2X^21 0ISSKW £ 4b01IAH2f &0| 3 >idPf d 2 £ ^^£13! 20IO. 

A 0 | 2| sag 2i§^ 2^0101(200)^ SS8f>|| MI^SSSAI 4^12f 1T£ g^AI ^^1 21¥^ M^ai- 

gaixi^i set. 

oi a aoi, 2H i2j atoii nf^ sei^oi sraxMi 212, 3011 met ^01 #^21 ^^soi aatxiw. 01 

fc « 2^ 121 »M| 0}£f m$\Dt ¥Z\&QS= 5!i 2I0I&Q. 

^i2f ?«a szia 2xf^s oise e- 1 ^ 211 Atse s ion eaib bf2f 

S tfg2| QX^£5|| §§218, 4^2] oi 5 2g( 10, 20,30, 40)S ggS ?^5f2 2122 

£ Be 2M0i 4^^§^1 ft ^ 51011 BoH , SB 2^S^011 2)SHAi CHtti 

S SS2SE €^IS0l J\^mn\Q. 

21 ^^o^o| i5 ioi xvgojj □ oH AH ^24SB, XII 1 B£e^f S#01lB 2^0! S^£1B XII 1 2J5 2 

^ 2S2J »0H/el tfge b^2[ »0I **5*SB 8f2S 2 Xil ^#SMO| H 1 B^ 5^ S#2| 

£ ^¥£1X1^ e^&lS ^^e^P. Q^^HIS M 2, 3, 4 215 £#0il ^ 2^!# dHOli 
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t asioi gig as egoi Axis ^sas a^aixife g^soi ?gga. 

aeia m 1, 2 as a^ egcnia aag s^chi^ aui as gsi g>s hi 1, 2 as a^ 

EgOl SIHS HI 1. 2 as a^ SSOI gf»2£ a^aXIfe g£|£!g aSSQ 

£S HI 2, 3 as a^ HI 3, 4 2J5 a^ 21, HI 4, 1 as a§; £ ft Oil 2|2f aSIOI S = a 

a n 9S2S MSisoi ?aeo. ^ 

2S, HI 1 as 5^ eg3l HI 2 as a^r egOfl aSlg ggSha Sgolfe a a (HI »OI> ¥S fe 

a aaoi a:>is A2i as as; egs axi^a xi^ioi asiixiAH soia hi hi* him sdi^ goi a 

BS 4=^SfSO| 31XIH, Ol CHI CH8HAH ^8 S&OI SJ^IS *8 4^S§0| SfOIXIBS feS a®S S 
38>S ^25 CH xl^xUH aSEHXIte g^Sg aSSCI. Oil* SB. HI 1 BS B^ 2§aa HI 2 

as a^ egoii a&s a;>^a -ge^oi ffl 1t 2 oj 5 5 ^ eg^as a^EHxia hi 2 a 

£ 5^ 21* gfSSS CH XISxHAH a*aaci. QB *2j as 5= e#0| | Q mMS _ sSSitW X[ 

o\m ¥n a?iS2s«i aiawt as asfss sien gsigj 401 sici. 

EE 45H2J BS B^ Bg2| ggfOII S§3SSlfe XI IIS (40)01 xlH § 0^(60,70)011 2I6HAH as B^ 

as3f shis 2s jgxiaoi siaes agegoi oie B ji'2ig f2|g e^s & aaaeoi 

»BaB S2I2J XI XI 61 2| BS Sm^CHI 2I5HAH SBU2J flflS agO^AH CH 83S XHI OH « CIPI8I- 

a 68 40121 a 121 s ttgo) s§2§ ^4oh§ sias aae asa cixigasi s§ 

ass 01 set siaaaaiom. 

a 1 chi bais tiia as as as *tmm ?S6ib pxissaiai hi 1 seeg(7oo)a eas asa 
hi 2 s#ag(8oo), hi 3 ssssooos 211 a§s asoici. esaes g§s§a asagoi 
ssafe *2i 2t w«9§ gas p-4ona aoiois assci. 01 §s as asoi afe ssjs ^ 
aieeaai s§2§i asma sife ^a oj 5 efif eg0 ii chsi-oi =gsi2£ asioi ssm 4* 21 
a^ spin aoiasas aes ssa's2i ^ ge^s asis saioii ggt 4 s^e^ =?%m 4= 

HQ. 

aeh 4012J siBaaflisi xixi^s ^ siafom ME.19 ch gx\& 301 oma, smsi xixte 
as ?ggo. 

a 7S a 221 s igsi cfxisa?ii sieti oisei sjgasaisj agf& s^isj m&m «ss^i 
?i& aaoia. g^is *gg ^ chi ah ssef cixisa?ii £§2121 g*i°j gactJief. cf4=?H 
2j si2ii soias ^^g^sj assii, mum spaisj 201 ^soio. 

£8§g a»«E3y sifiit sjgs §&s siiasxflsi agfe giiae ^moia a<scHi 
cue! Aigaioi^aoici. fisii ?^sfe sf^sj as a^ agcni asis ^n^as ass 4= si 
a^ a^th siBsasnoi aAisui as hich^I2j hicmchi 2j§hah a sm as ^moia a<ss ae*& 

4= 2!Cf. CEI-EhA) &DI21 &S ^LHIOIB 2S2£ >:>;S §S|g 4 a 2^a, »0|H SS Si 0)1 AH 

a x)^s?ii m*tm ^ 2ife ^wchioiehs ass 4= sack 

01 SCHI AH SSS bf21 SOI, S &SS axi^g OIS& 2!5 a^ ag s?40HS S!fe XI XI s a 

s xixism, ?ixias^§ Ahsshoi s^i ^4-^21 212. a^ agai xixiss gias aae ?si 
5>s ss2ii ase-asw, 3 gsiaoii &chah axoi^g oissioi ss^a^i imisa, s?i a 
S2i§ assife 2f as a^ agoii aag 3Hgsias assicx a^sis sgsi a^aixia^ 
3^ cix^as ass 4= aia, b^dici i§°j agoias 01 s ag2j ^^:h« £igs as§ioi 
3 ^a^3i Sflg schais 4= sis, s^i2i asag2i ^iiai hi chi ah at egohci =gj5<o S ss 
s ass 4= sia^ ^ssioi iLHioia 2aa as ogre* ^at 4= siaas ^1^21 

eiisoiioiEisoi » 4= seta is woih m^2[ as sscniAia xi^s^i esg g 4= 91^ axig 
as ?a» 4 sife s^i^i si ci. 

C57; en 
sas 1 

cigfej gsig ass 4= sife as a^ egg oisef season sichah, 
ax^g oise ^4=^21 as a^ 21a, 

s^i ^4=?H2i as a^ eg ggjon as a^ egai as aoia»ss ?ixiai^ &^^oi sia 
as in§2i xixisa, 

S3i°i ^^?H2i as a^ 2ga xixiss shis siw sis asAispi ?is ^ixiagsfg sssi 
aaa^ mgm oiss cix^asi ages. 

sas 2 

hi 1 soil siCHAH, s^i2j as a^ egs a^oi aaa axi^a, 

S3i2i ax^2i if a chi alexia sioichs ss asafe gas nigsi wmsi. 

s^i axi^oi gf*°i e cwa s^as xi^xiah saafe 2s sxisi^i ^ishah axi^ia 
won a§ ^nafe S5i w«a ^isaci a asaa, 
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a^i li«o) sjg=»sii|(xi 2§ axiaoi #31 aw^^s^EH x\e>m s>= m »^Jii3f ^hisoi, 

#31 ssofi aw3i ° = e #31 211*101 xmg^, oioii eiei million m2mm sissk* #31 m 
«3i sx^si g#^M sejs°SAH ^srgsife 3§ m^s.^. site ei^E^ oig& a»s 
esi sees. 

a?» 3 

111 2 if 011 stcHAH, fecial hsoii Hi gxiate ain^Hite wsa sasi ^shshi sfte ^ti#ei 
2§ ^t§££ site ej^e^ oiset cins£3ii f§e§. 

sii^s oise ^401121 ojs Eem, 

#31 ^3H°I 21 g&OII 2JiE 213 i'OI^WSS ¥lxlA|gJ e#5*0l SlIQ S 

2*1 XHS2I II II # HI, 

#3i°i *4oh2| oi 5 5 ^ 21a im#g mm^ sia sis skaispi «e ?mii§ets sesf 
te ei^e^ ^si oigsh ciin?£3ii hi 1 s§2§a, 

#3ia m 1 mms.mni mmm ?#2i §?4oh°i s§2ii *\mm. sesioi S2#:ni s^i* schaisj 

28 ^S2£ Site a^5«f =S§ Olggh CHISE3II S§2§. 
S^S 5 

hi 4 soil sichah, #5i2i ejs ass agoi sias aih^a. 

#3i°i sii^°i oil 3)191112 210101s #s aiafe sae hi §21 wmsi, 

#31 SI^OI gf*2| m OIE *J?21 XlSSHAH #gJ3te 51S &II8I3I ¥loHAH S#*!2| l§V 

?ioii 2§ gxiate #31 siaao e asaa. 

#31 «M LH^2| SI3¥?I0II 2§ tfxIEICM #31 2II*!££¥E-) II^S g*te El 11^ HI 31 ?HI3CH, 

#31 ssjoii a#3i =§s #3i a»&ioi iman, oioii hei eiii^hioii moimm srgsioi #31 n 

te3| aih*!°l e#¥S S2!§2SAI 4*^§5lte 51 ^§2£ Site £J^5^ =Si Olgth GUIS 

£311 sees. 
S^S 6 

HI 5 &0II 2iOH AH . #3|2| WSOII 2§ Sxiate HIII^IHIte #H2| SS#S S6H5HI Sfte ?S#2J 
2S «ISES Site oj^e^ ?Si OIS& CH1S £311 §§21. 
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